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Figure 9:  Wöhler diagram comparison ball stud without surface hardening (black line) / with surface hardening 

(gray line) 

 
 

6. Conclusions and Outlook 

 
In a further step the behavior of edge layer is to be analyzed by means of additional 
mathematical calculation and a FEM simulation of the welding zone. 
Furthermore the dependency between the material, edge layer hardness/core hardness, depth 
of the edge layer hardening and the diameter ratio of the samples is to examined more closely.  
With this technical approach it should be possible to create an optimal design as a function of 
boundary conditions for similar products. Further tests are planed as well with aluminum 
casting parts to identify the properties of the welding zones in these parts and to improve the 
lifetime. 
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